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1. INTRODUCTION {#lio2345-sec-0006}
===============

Radiotherapy is a cornerstone of treatment for the management of nasopharyngeal and skull base malignancies. It is used either alone or in combination with surgery. Osteoradionecrosis (ORN) is a severe complication following radiation therapy. There are relatively few studies on sphenoid ORN but it appears to be a life‐threatening condition, with reported survival rates as low as 33%.[1](#lio2345-bib-0001){ref-type="ref"} Several treatment regimen have been described, including conservative management with antibiotherapy or hyperbaric oxygen and more aggressive approaches such as surgical debridement of the necrotic tissues followed by protection of the exposed bone by local or free flaps.[2](#lio2345-bib-0002){ref-type="ref"}, [3](#lio2345-bib-0003){ref-type="ref"} However, the extent of ORN may be very variable, and it seems difficult to use a single approach for the management of the various stages of the disease.

The aim of this study was to report on a series of seven patients treated by a combination of medical therapy, endovascular treatment, and/or surgery, with a strategy discussed on a case by case basis and tailored to the symptoms and to the extent of the ORN.

2. MATERIALS AND METHODS {#lio2345-sec-0007}
========================

2.1. *Ethical considerations* {#lio2345-sec-0008}
-----------------------------

In accordance with French laws, the study was approved by the CNIL (Commission Nationale Informatique et Libertés---authorization number 2213218), and all patients gave their informed consent.

2.2. *Study design and patients selection* {#lio2345-sec-0009}
------------------------------------------

This was a retrospective monocentric study performed in a tertiary skull base center. Patients treated for a skull base ORN from January 2014 to August 2018 were identified from a local database and charts were retrospectively reviewed for the following data: demographics, histologic tumor type, previous treatments of the tumor, clinical signs at presentation, radiological data, treatment, and outcomes. The diagnosis of sphenoid ORN was based on the presence of a bone lysis on Computed Tomography (CT) within the field of irradiation, with a biopsy ruling out tumor recurrence. In all cases, the patients underwent both CT and Magnetic Resonance Imaging (MRI).

2.3. *Treatment strategy* {#lio2345-sec-0010}
-------------------------

The treatment strategy was discussed on a case by case basis by a multidisciplinary team. Medical therapy was used in combination with other treatments, or alone in very limited cases of ORN, well tolerated and with low risk of carotid rupture. It consisted either of a targeted antibiotherapy prescribed for at least 3 months or of a regimen based on pentoxifylline, α‐tocopherol, and clodronate used in combination with antibiotics, antifungal therapy, and steroids, as described previously by Delanian et al (PENTOCLO).[4](#lio2345-bib-0004){ref-type="ref"} Endovascular treatment was advocated in patients presenting with active bleeding or when the internal carotid artery (ICA) was considered at‐risk for rupture (irregular shape of the lumen of the artery, the presence of a pseudo‐aneurism, ICA no longer covered by bone, and exposed to necrotic soft tissues); in these patients, angiography was performed under general anesthesia, and a balloon test occlusion (BTO) of the ICA was performed. If the test was well tolerated, the ICA was occluded using coils. If the ICA occlusion could not be performed (negative BTO or previous occlusion of the contralateral ICA), a covered stent was used to protect the ICA. Surgery was advocated in symptomatic cases with major bone exposure on endoscopy. In such cases, endoscopic surgical treatment was performed under general anesthesia (after ICA occlusion if necessary) with a maximum drilling of the exposed bone, and covering of the surgical area by a local flap. In this situation, the pedicled temporoparietal fascia flap (TPFF) was the first option.[5](#lio2345-bib-0005){ref-type="ref"} Clinical follow‐up was then scheduled at least every 3 months for the first 2 years, and imaging by CT‐scan and/or MRI was performed at least every 6 months for the first 2 years.

3. RESULTS {#lio2345-sec-0011}
==========

Seven patients were included in this study. Clinical and radiological data, treatments, and outcomes are summarized in Table [1](#lio2345-tbl-0001){ref-type="table"}. Mean age at diagnosis was 54 and the sex ratio was 1.3. The patients had been previously treated for nasopharyngeal carcinoma (n = 4, 57%), chordoma (n = 2, 29%), and olfactory neuroblastoma (n = 1, 14%). They had received 1, 2, or 3 courses of radiotherapy (n = 4, n = 2, and n = 1, respectively). The mean delay between the last course of radiotherapy and the diagnosis of ORN was 7 years (range 1‐25). Clinical signs at presentation included acute symptoms such as epistaxis (including 1 carotid blow‐out), CSF rhinorrhea, and cranial nerve palsy in five cases (71%), and/or chronic aspecific signs such as asthenia and headache in six cases (86%). Endoscopic examinations revealed a typical aspect of exposed bone surrounded by necrotic tissues in the nasopharynx in all cases (Figure [1](#lio2345-fig-0001){ref-type="fig"}). Of note, the area of exposed bone was very limited in one asymptomatic patient, but the sphenoid ORN was further confirmed by CT‐scan.

###### 

Clinical characteristics, imaging findings, treatments, and outcomes

  Case \#   Gender/age   Tumor type   Previous treatment      Clinical signs                                  Radiological extent of the ORN   Medical treatment   Endovascular treatment   Surgery[a](#lio2345-note-0002){ref-type="fn"}   Outcome                     Follow‐up (months)
  --------- ------------ ------------ ----------------------- ----------------------------------------------- -------------------------------- ------------------- ------------------------ ----------------------------------------------- --------------------------- --------------------
  1         F/62         NPC          CT + RT (202 Gy)        Headache, cranial nerve palsy (XII)             Sphenoid + temporal bone         ABT                 \+                       \+                                              DOD (sepsis)                
  2         M/74         NPC          CT + RT (70 Gy)         Asthenia                                        Sphenoid                         ABT                 \+                       \+                                              NED                         35
  3         M/42         Chordoma     Surgery + RT (70 Gy)    Headache, cranial nerve palsy (VI), epistaxis   Sphenoid                         ABT                 \+                       Patient refusal                                 DOD (in stent thrombosis)   42
  4         F/65         ONB          Surgery + RT (70 Gy)    Headache, cranial nerve palsy (VI)              Sphenoid                         ABT                                          \+                                              NED                         
  5         M/31         NPC          CT + RT (130 Gy)        Headache, epistaxis                             Sphenoid                         ABT                 \+                       \+                                              DOD (ICA rupture)           7
  6         M/45         NPC          CT + RT (70 Gy)         −                                               Sphenoid + C1                    PENTOCLO                                                                                     NED                         19
  7         F/57         Chordoma     Surgery + RT (144 Gy)   Headache, CSF rhinorrhea                        Sphenoid + temporal bone         ABT                                          \+                                              NED                         17

Abbreviations: ABT, antibiotics; CSF, cerebrospinal fluid; CT, chemotherapy; DOD, dead of disease (ORN); NED, no evidence of disease; NPC, nasopharyngeal carcinoma; ONB, olfactory neuroblastoma; ORN, osteoradionecrosis; PENTOCLO, pentoxifylline, α‐tocopherol, and clodronate; RT, radiotherapy.

Removal of necrotic tissus and TPFF.

![Endoscopic aspect of ORN after radiotherapy for nasopharyngeal carcinoma, with an area of exposed bone in the nasopharynx](LIO2-5-19-g001){#lio2345-fig-0001}

CT‐scan and MRI were performed in all cases to assess the extent of ORN. A bony lysis of the lower part of the sphenoid bone was present in all cases. The ORN extended to the temporal bone in two cases, and to C1, with a bony sequestration within the anterior arch of C1, in one case (patient \#6). The ICA was no longer covered by bone in six cases, and it was directly exposed to necrotic tissues in four cases. An example of ORN of the sphenoid bone with exposure of the ICA is displayed in Figure [2](#lio2345-fig-0002){ref-type="fig"}.

![Contrast‐enhanced CT‐scan of a patient with sphenoid ORN in a sagital (A), coronal (B), and axial (C) plane. Note the dehiscence of the paraclival segment of the ICA (white arrow), and the bony sclerosis in the clivus area (black arrow)](LIO2-5-19-g002){#lio2345-fig-0002}

The treatment strategy was decided based on the extent of the ORN and on the clinical symptoms, as described in section [2](#lio2345-sec-0007){ref-type="sec"}. Endovascular treatment was advocated in four cases: two patients presented with epistaxis, and the remaining two had no bleeding but the radiological aspect suggested that there was a significant risk of ICA rupture. In all cases, the BTO was positive, and occlusion of the ICA was performed with coils. In one patient, the procedure resulted in a transient hemiparesis, which resolved after curative anticoagulant therapy. Five patients underwent surgical debridement through an endoscopic transnasal approach, with removal of the necrotic tissues and drilling of the exposed bone. In all five cases, the surgical field was covered at the end of the procedure by a pedicled TPFF (Figure [3](#lio2345-fig-0003){ref-type="fig"}). A 3‐month course of antibiotics was prescribed post‐operatively in these five patients. Two patients had no surgical treatment. Patient \#3 presented with massive epistaxis and was treated by ICA occlusion. Surgical treatment was then advocated, but the patient refused surgery and was treated only by antibiotics. After 8 months, he experienced a carotid blowout on the contralateral side, and though the bleeding was controlled after placement of a covered stent, the patient died 1 month later because of in‐stent thrombosis. Patient \#6 was diagnosed with a minimal ORN, with very limited bone exposure and visualization on CT‐scan of a bony sequestration detached from the anterior branch of C1. A medical treatment based on PENTOCLO regimen was prescribed for 12 months. Endoscopic and radiological follow‐up showed a progressive healing of the mucosa and an ossification of the affected bone.

![Covering of the exposed bone by a pedicled temporoparietal fascia flap (TPFF) in sphenoid ORN. (A) Intraoperative view: the exposed bone is visible in the nasopharynx (white asterisk); a left medial maxillectomy has been performed to gain a wide access to the posterior wall of the maxillary sinus, and an opening has been made in the posterior wall of the sinus (white arrowhead) to provide a direct route to the flap from the temporalis fossa to the nasopharynx. Note how the temporalis muscle is visible through this opening. (B) Post‐operative endoscopic view after 2 months: the TPFF (black asterisk) passes through the opening in the posterior wall of the left maxillary sinus (black arrowhead) and covers the area of ORN](LIO2-5-19-g003){#lio2345-fig-0003}

After 24 14 months \[7‐42\] of follow‐up, the overall survival rate was 57%. If patient \#3 (who refused the surgical part of the treatment) was excluded, the overall survival rate was 67% (4/6). Four patients were considered healed, with no sign of disease. Three patients underwent progression of the ORN, and died of ICA rupture (n = 1), sepsis (n = 1), or in‐stent thrombosis of the remaining ICA (patient \#3). Of note, two out of these three patients had received high doses of irradiation (202 and 130 Gy for patient \#1 and \#5, respectively).

4. DISCUSSION {#lio2345-sec-0012}
=============

In this study, we describe the results of a multimodal treatment strategy for the management of sphenoid ORN. By applying this strategy, the overall survival rate at 24 months was 57% (or 67% after exclusion of a patient who refused the surgical part of the treatment).

There is relatively few data on sphenoid ORN. An estimated incidence rate of 1% has been reported after radiotherapy for nasopharyngeal carcinoma.[6](#lio2345-bib-0006){ref-type="ref"} However, the incidence may be underestimated because the clinical signs are often not specific. Indeed, some patients present with acute signs such as massive bleeding or meningitis, but in other cases the only presenting signs are asthenia, chronic pain, or even cachexia.[3](#lio2345-bib-0003){ref-type="ref"}, [6](#lio2345-bib-0006){ref-type="ref"}, [7](#lio2345-bib-0007){ref-type="ref"} Such signs in a patient previously treated by radiotherapy should therefore prompt the clinician to look for ORN. These aspecific sign also explain why many patients are diagnosed at an advanced stage: four out seven patients (57%) presented with an ICA no longer covered by bone, and exposed to necrotic tissues.

The best treatment protocol for sphenoid ORN still remains to be determined. An overall survival rate of 54% has been reported by Liu et al with a surgical management through an endoscopic approach.[8](#lio2345-bib-0008){ref-type="ref"} Other authors have reported on open approaches with free flaps.[3](#lio2345-bib-0003){ref-type="ref"} Huang and al. recently described their experience of 162 cases of ORN after radiotherapy for nasopharyngeal carcinoma. A conservative approach based on nasal washout and a combination of pentoxifylline and tocopherol was used first, and surgery was considered for patients with complications secondary to the ORN that failed conservative treatment. Overall, 58 patients required surgery, through an endoscopic approach in 12 cases and using a maxillary swing/mandibulotomy approach in the other cases. The authors report an overall survival of 85.2%, in operated patients, and a complete resolution of symptoms in all cases with a mean follow‐up of 36.2 months.[9](#lio2345-bib-0009){ref-type="ref"} In our opinion, it seems difficult to use a unique strategy for the management of sphenoid ORN, as patients may present at very variable stages of the disease. In advanced cases, surgery allows to resect the necrotic tissues. An endoscopic approach was possible in all patients in this series and the TPFF was used in all cases. Indeed, the nasoseptal flap, which is widely used in endoscopic surgery, is not always available in situations of sphenoid ORN, either because it has already been used or because the posterior part of the septum has been removed during previous surgery. Moreover, radiotherapy may alter the viability of the flap: though several authors have reported on the use of nasoseptal flap in sphenoid ORN,[9](#lio2345-bib-0009){ref-type="ref"} the risk of necrosis of the flap is, at least in our experience, much higher in previously irradiated patients. The TPFF has other advantages: it may be harvested on both sides, depending on the previous irradiation fields; it is easy to handle and it can cover a wide surface of exposed bone.[5](#lio2345-bib-0005){ref-type="ref"} It also obviates the need for a free flap, which may be more complex to use in previously irradiated patients, especially in this area.[10](#lio2345-bib-0010){ref-type="ref"}

One patient was treated conservatively with a purely medical treatment. This patient had no symptom, but endoscopy and CT scan revealed a limited ORN of the sphenoid that extended to C1. The patient received a prolonged treatment with a pentoxifylline‐tocopherol‐clodronate combination (PENTOCLO), a protocol previously described by Delanian et al: this triple‐drug therapy has been designed to reduce radio‐induced fibrosis and bone destruction and to stimulate osteogenesis via the antioxidant pathway.[4](#lio2345-bib-0004){ref-type="ref"} It has proved effective in mandibular ORN. To the best of our knowledge, this is the first published case of sphenoid ORN successfully treated by PENTOCLO. This encouraging result supports the rationale for a conservative approach in limited cases of sphenoid ORN.

The high mortality rate of sphenoid ORN raises the question of the potential morbidity of radiotherapy for tumors involving the sphenoid. Most authors agree that the risk of severe complications raises significantly in patients who received more than 1 course of radiotherapy, or doses \>72 Gy.[6](#lio2345-bib-0006){ref-type="ref"} In this study, the two patients who accepted the treatment plan but died after progression of the ORN had received 130 and 202 Gy. The indication of re‐irradiation in residual or recurrent tumor should therefore be carefully discussed. For nasopharyngeal carcinoma, it has been shown that surgery was superior to intensity‐modulated radiation therapy in selected cases of rT1‐T3 tumors.[11](#lio2345-bib-0011){ref-type="ref"} This new data has been incorporated into the United Kingdom National Multidisciplinary Guidelines in 2016, which state that "surgery in form of nasopharyngectomy should be considered as a first line treatment of residual or recurrent disease at the primary site.".[12](#lio2345-bib-0012){ref-type="ref"}

5. CONCLUSION {#lio2345-sec-0013}
=============

This retrospective study describes the results of a management strategy adapted to the extent of the disease in sphenoid ORN and based on medical therapy only, or on a combination of medical therapy, interventional radiology, and/or surgery.
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